Synthesis of Spiroacetals using Functionalized Titanium Carbenoids
Abstract-Alkylidenation of lactones with functionalized titanium carbenoid reagents (Schrock carbenes) followed by acid-induced cyclization of the resulting enol ethers constitutes a new method for the preparation of [4.4] , [4.5] and [5.5] spiroacetals (1,6- dioxaspiro [4.4] nonanes, 1,6-dioxaspiro [4.5] decanes and 1,7-dioxaspiro [5.5] undecanes, respectively, sometimes termed 5,5-, 5,6-and 6,6-spiroketals). The titanium carbenoids are easily generated from readily available thioacetals.
Spiroacetals have attracted a great deal of interest as synthetic targets as they are found widely in Nature and have a range of biological activities. 1, 2 We envisaged synthesizing such compounds 4 by the alkylidenation of lactones 1 using titanium carbenoids 2 bearing a masked hydroxyl group, followed by cyclisation of the resulting exocyclic enol ethers 3 in acid (Scheme 1). 
Scheme 1
Exocyclic enol ethers have been used to prepare spiroacetals by cycloadditions, [3] [4] [5] [6] [7] [8] or through acid-induced cyclisation of alcohols. [9] [10] [11] [12] [13] Such enol ethers have been metathesis, 22 Baeyer-Villiger oxidation of cyclic ketones 23 and by oxidation of sugars, 24 as well as by methods which would be appropriate for preparation of acyclic esters.
We have previously shown that using Takeda's procedure, 25 a range of functionalized titanium carbenoids 18 can be generated from easily prepared thioacetals.
We had used titanium carbenoids bearing masked oxygen nucleophiles, 26 ,27 but exclusively for solid-phase synthesis and never to prepare spiroacetals. As in this earlier work, 26 dithiane 6, was synthesized in two steps from 2-hydroxybenzaldehyde, and converted into a titanium carbenoid, presumably titanium benzylidene 7, using low valent titanium reagent 5 (Scheme 2). Similarly, new titanium alkylidenes 9 and 11
were prepared from dithiane 8 and thioacetal 10, respectively (Schemes 2 and 3).
Titanium reagents 7, 9 and 11 (1.2 or 3 eq.) were then used to alkylidenate a range of lactones 12-19 ( Figure 1 ) in dry THF overnight to give enol ethers, which were immediately treated with 10% HCl-MeOH for 1.5-2 h to form spiroacetals 20-31
( Figure 2) . 28, 29 The results are summarised in Table 1 . The modest yields when using 1.2 eq. of the titanium alkylidenes 7, 9 and 11, were improved upon by using 3 eq., but the large quantity of triethylphosphite used under the latter conditions (12 eq.) hampered purification by chromatography.
However, washing the crude spiroacetals with excess saturated aqueous iron(III) chloride prior to chromatography removed the triethylphosphite and expedited purification. In conclusion, we have developed a concise two-step method for the conversion of γ and δ-lactones into spiroacetals. 
